



































































































































Foundationsof MathematicalPhysics JacobsUniversity Fall2021 Session2

Prof SorenPetrat Sep8,2021

12SingleParticleQum

d dimensionofspace d l2,3usually

Wavefunction for one particle is 4 RexIRI C H X to 44 x

normalization I 141tix l'dx 1

144 11 pIt x probabilitydensityforparticletobeatposition x attime t

Inotherwords for AcRd Platt led P
4
111 114AixPdx is the

probabilitythatparticleis in region A lattime t

note p is onlya probabilitydensity not a chargeor massdensity

Lawofmotion Schrodingerequation SE Schrodinger 1926

it 44 x A 44 x It V44 H H 4 tax

with
m mass h Planck's constant

V Rd IR calledpotential e.g
Coulombpotential V x textt

finestnatureconstant

forthehydrogenatom



I EdÉ Laplacian Laplaceoperator

H Hamiltonian Hamiltonoperator

importantnotes SE linear f superpositions

SE first orderin t 14ft ol determines441

Solutiontheoryof SE is oneofthecentraltopicof thisclass

Very briefcomparison toclassicalmechanics

particleswithpositiongaleRd

potential Vix i.e force FAI QVix

Newton's law m qHI FlyAll DV gu

secondorderODE qlolandgloldetermineq t for nice V

otherformulation introducemomentum pit mdy
defineclassical HamiltonfunctionHlgpl t Vla

Newton's lawbecomes EY If Hlapl
in

ill
sYpectimatrix



Note gpl Rad iscalledphasespacei ithas anaturalsymplecticstructure

formal correspondencebetweenQM Hand Hlgp bysettingp it I

activeresearchtopicderiveclassicalmechanicsfromQMinappropriate limits

mathematicalrecipes to make a classicaltheoryquantum likereplacing

pby it k inHlap are called quantization

13QMforManyParticles

o for N particles we need x i xn e Md End configurationspace

wave function 4 IR x Adb e

141tix x probabilitydensity forparticles tobeat Xii in

Schrodingerequation it 4Him in HUH tie in

with H fEÉ II Van in1
Remarks

usually Varmint EfI 1tIÉIYf HER coupling
constants



thefact that 4 41y xu is thesourceof entanglement

roughly if 4Hi x IT a x thenhe is calledentangled

statisticsofparticle j can depend on particleKaj

I if 41mi ax Knit 4cal theneachparticlehas its own probability distribution

intermsofrandom variables theparticlepositionwouldbeindependent

all particles in theuniverse are connected

activeresearchtopics measuresfor howmuch entanglement
non localityBell'sinequality

alreadyfortheHeliumatom

for V22 and V70 explicitsolutionsnot feasible
I 1h21 noexplicitsolutionis
known

for large N I inpracticeN210or1001 alsonumerical solutionsnot feasible

divide IR intoM latticepoints
needMdrlatticepointsto approximate 4th exe

eg M 100 verylittle K 10 MY 100 1020 100000000Terabyte

needsimplified approximate coarse grained effectivedescriptions

activeresearchtopic rigorousderivationof sucheffectiveequations


